This study investigates the endophytic fungal diversity of three endemic plants of Tirumala hills also their capabilities for the production of hydrolysing enzymes and secondary metabolites. Our study provides the first evidence on the diversity, enzyme and metabolite charecterisation of fungal endophytes from the untapped endemic plants of Tirumala Hills of Seshachalam Biosphere Reserve, Easternghats, Andhra Pradesh, India. A total of 13 endophytic fungi isolates were obtained and grouped into seven genera based on the morphological traits, indicating endophytic fungi in Shorea thumbuggaia, Boswellia ovalifoliolata, Pterocarpus santalinus were diverse and abundant. Fusarium, Penicillium, Aspergillus and Colletotrichum were the dominant genera, whereas the remaining genera were less frequent. The 13 representative species of the distinct genera were capable of producing hydrolysing enzymes. Phytochemical analysis showed the production of various secondary metabolites that included saponins, carbohydrates, phenolics, glycosides and flavonoids. This investigation also reveals that the metabolites produced by a variety of endophytic fungi can be a potential source of novel natural therapeutic agents.
INTRODUCTION
Endophytic fungi are microorganisms that reside in living plant tissues, apparently without imposing negative effects. They are ubiquitous and have been found in all plant species examined to date (Stone et al., 2000) . There is growing interest in endophytes and their origins, their biodiversity, endophyte-host interactions, their role in ecology and the characterisation of their secondary metabolites (Arnold, 2007; Saikkonen et al., 2004) . However, only a handful of plants, mainly grass species, have been completely studied in relation to their endophytic biology (Strobel et al., 2004) . Fungal endophytes have been recognized as a repository of novel compounds of immense value in agriculture, industry and medicine (Tan and Zou, 2001; Strobel and Daisy, 2003; Kumar and Hyde, 2004; Kumar et al., 2005) . Hence, there are major efforts to isolate and characterize endophytes from plants. At present, much research has focused on isolation of endophytic fungi from pharmaceutical plants, such as Camptotheca acuminata (Lin et al., 2007) , Taxus plants (Zhang et al., 2007) , discovering a vast number of undescribed endophytic fungi species, some of which have potential to be used in the production of medicine. Ongoing global efforts to discover novel compounds from endophytic fungi isolated from medicinal plants are yielding good results (Liu et al., 2004; Li et al., 2005; Phongpaichit et al., 2006; Zhou et al., 2007) . Therefore, investigations of endophytic fungi are crucial for conservation and utilization of fungal resources in plants. Tirumala hills, Seshachalam biosphere reserve of Easternghats possesses rich floristic wealth and diversified genetic resources of medicinal plants. However, the community of endophytic fungi of endemic plants at Tirumala Hills in India has not been described. The present study was undertaken to investigate the diversity and characterization of endophytic fungi and in endemic medicinal tree taxa in the Tirumala Hill region, Eastern Ghats of Andhra Pradesh, Southern India.
MATERIALS AND METHODS

Sample collection
Twenty segments of each leaf and stem samples from Shorea thumbuggaia (Dipterocarpaceae), Boswellia ovalifoliolata (Burseraceae) and Pterocarpus santalinus (Fabaceae) were randomly collected from Tirumala Hills of Seshachalam range, Easternghats, Andhra Pradesh, India. Immediately after the collection, plant parts were washed with tap water and processed for isolation of endophytic fungi.
Isolation of fungal endophytes
Surface sterilization of samples was done by cleaning leaves and stems under running tap water and cutting them into 1 cm segments followed by stepwise washing with 70% ethanol for 2 min, 3% calcium hypochlorite solution for 5 min and 70% ethanol for 30 s followed by two rinses in sterile distilled water, then allowed to surface dry under sterile conditions (Arnold et al., 2000) .
The Leaf segments were placed on 9 cm Petri plates containing potato dextrose agar (PDA, Hi Media Laboratories, Mumbai, India) medium amended with streptomycin (250 mg L -1 ) to suppress bacterial growth. The efficacy of surface sterilization was confirmed by pressing the sterilized segments on to the surface of PDA medium. The absence of growth of any fungi on the medium confirmed that the surface sterilization procedure was effective (Schulz et al., 1993) . Petri plates were incubated at 28 ±1°C with a 12 h photoperiod, and sporulation was induced by incubation in a light chamber under near ultraviolet (UV) light for 1 to 12 days. Fungi growing out from the cut ends of the segments were subsequently transferred onto fresh PDA plates. Pure cultures were spread on fresh PDA slants.
Identification of endophytic fungi
Fungal mycelium was stained in cotton blue and mounted in polyvinyl lactic acid glycerol (PVLG) by heating at 65°C for two to three days and observed under microscope. Identification was based on morphological characteristics such as growth pattern, hyphae, colour of colony on the medium, surface texture, margin character, aerial mycelium, mechanism of spore production and characteristics of the spore (Barnett and Hunter, 1956 ). An Olympus CX13 with interference contrast was employed for examination by light microscopy. Cultures that failed to sporulate were recorded as sterile form. The identification of the isolates was confirmed by expert taxonomists at the Agarkhar Research Institute, Pune, Maharashtra, India.
Colonization frequency of fungal endophytes
The colonization frequency (CF%) of each endophyte was calculated according to the method of Hata and Futai (1995) :
Where, N COL is the number of segments colonized by each fungus and N t is the total number of segments.
Tests for enzymatic activities
Thirteen (13) endophytic fungal isolates from three endemic plants were tested for hydrolytic capabilities. Enzymes hydrolyzing complex carbon molecules, amylase, cellulase, polyphenol oxidases were tested (Keerthi et al., 2010) . Confirmed endophytes also were tested for gelatinase. Each test medium was inoculated with a 6 mm fungal plug cored from PDA, and each isolate was incubated in triplicates for two weeks at room temperature. Polyphenol oxidase test were incubated for three weeks. A basal medium (Caldwell et al., 1991) composed of mineral salts was used for amylase and cellulase evaluation.
Fermentation and extraction
All the endophytic fungal isolates were grown on PDA plates at 30°C for seven to 14 days depending on growth rate. Six pieces (8×8 mm 2 ) of the grown culture cut from the plate were inoculated into a 1000 ml Erlenmeyer flask containing 200 ml of PDA broth (Paterson and Bridge, 1994) . After incubation at 25°C for 21 days under stationary condition, the fungal culture was filtered to remove mycelium. The filtered broth was then extracted with 200 ml of dichloromethane three times. The organic phase was evaporated to dryness under reduced pressure using a rotary evaporator and weighed to constitute the crude broth extract. The fungal mycelia were freeze dried and then disrupted using a spatula and extracted twice by soaking in a mixture of dichloromethane/methanol (1:1, v/v) for 1 h. The two mycelial extracts from each fungus were pooled and air-dried and weighed to constitute the crude mycelial extract. Crude extracts from the culture broth and mycelium were dissolved separately in dimethylsulphoxide (DMSO, Merck) depending on solubility. Equal amounts of the crude extracts obtained from culture broth and mycelium were combined.
Phytochemical screening of endophytic fungal extracts
Preliminary phytochemical screening of the crude extracts of the endophytic fungal isolates was carried out with the methods outlined by Trease and Evans (1983).
RESULTS AND DISCUSSION
A total of 13 fungal isolates were recovered from 120 segments incubated from 3 endemic medicinal shrubs. These isolates belonged to Ascomycetes (7.69%), Coelomycetes (15.3%), Hyphomycetes (53.8%), and ste- (Table 3) .
In our study, calcium hypochlorite (Arnold et al., 2001 ) was used as a surface disinfectant because it damages less the tissue than sodium hypochlorite (Boccon- Gibod, 1982) . The sterility check test showed that our surface sterilization procedure was sufficiently effective. Therefore, we conclude that all isolated fungi are endophytes. The colonization frequency of endophytes in this study was within the range of many host plants studied in the tropics (Frohlich et al., 2000; Photita et al., 2001; Suryanarayanan et al., 2003) . Colletotrichum, Phyllosticta, Pestalotiopsis, Fusarium sp., which were isolated in this study, have been reported as endophyte genera in a wide host range in the tropics (Azevedo et al., 2000; Suryanarayanan et al., 2002; Photita et al., 2005) . In the present study, mycelia sterilia (23.0 %) were isolated as endophytes from three endemic plants and the results are in agreement with studies (Arnold et al., 2000; Frohlich et al., 2000) . In a study on the medicinal plant Tripterygium wilfordii, mycelia sterilia were isolated as the second most dominant taxa (23.6%) next to coelomycetes (35.0%) (Kumar and Hyde, 2004) . Since these non-sporulating mycelia sterilia cannot be provided with taxonomic names without reproductive structures in conventional classification, they are now generally categorized as ''morphotypes'' based on similar cultural characteristics (Guo et al., 2003; Promputtha et al., 2005) .
Our study reports the amylase, cellulase, gelatinase polyphenol oxidase producing capabilities of the isolated endophytes. By contrast, polyphenol oxidases are not produced by some of the isolates, namely Phyllosticta sp., Pestalotiopsis maculans, Cochliobolus lunatus and Colletotrichum gloeosporioides. Mandyam and Jumpponen (2005) reviewed the observations of enzymatic activities of endophytic fungi and these included amylase, cellulase, lipase, pectinase, polyphenol oxidase (laccase and tyrosinase), protease and xylanase. Another study with Periconia and Microdochium isolates produced enzymes capable of metabolizing complex substances (Keerthi et al., 2010) . The enzymatic capabilities of the isolated endophytes suggest their potential to access detrital C, N and P with a potential to aid host nutrient uptake.
Our study also investigates the secondary metabolites (saponins, carbohydrates, phenolics, glycosides, flavornoids) isolated from fungal endophytes to understand their ecology and to determine their potential against therapeutic targets. Nitya also provide adaptability to survive in adverse environmental conditions. The occurrence of endophytic microorganisms in different plant species is extensively studied. The knowledge of their occurrence on the endemic plants of Tirumala hills in Eastern Ghats is not reported so far . The present study forms the first report on the endophyte diversity of endemic medicinal plants of Tirumala hills.
MATERIALS AND METHODS
Collection of Plant Material
Endophytic fungi were isolated from endemic medicinal plants of Tirumala hills by the procedure of standardized and modified method described by Hallman et al. (2007) . The samples were rinsed gently in running water to remove dust and debris. After proper washing, stem samples were cut into long 0.5-1 cm pieces, whereas leaves were cut into 3-4 mm x 0.5-1 cm pieces under aseptic conditions. Surface sterilization was done by 1-13% sodium hypochlorite (NaOCl) according to the type of tissues. Each set of plant material was treated with 75% ethanol for 1 min followed by immersion in sodium hypochlorite and again in 75% ethanol for 30 s ( Bills, 1996). They were finally rinsed with deionized sterile distilled water to remove the sterilants and blot dried on sterile tissue paper, sterilized stem/leaf explants were cultured in petri dishes containing potato dextrose agar medium (PDA) supplemented with 100 g/ mL of streptomycin. The petri dishes were sealed with parafilm and incubated at 27±2°C for 15 days under dark conditions and monitored every day. Fungi growing out of the plant explants were sub cultured on separate PDA plates at room temperature and identified in their sporulation state by staining with lactophenol blue. The fungi which failed to sporulate were designated as "mycelia sterilia". For colony chracteristics the mycelia were transferred in to PDA agar media. Colonization Frequency (CF) was calculated as described by Suryanarayanan et al. (2003) . 
RESULTS AND DISCUSSION
Total of 14 endophytic fungi were isolated from 610 samples of both leaves and stem of different parts of endemic plants ( Table 1 ). Most of the fungi belonged to Ascomycetes. The fungus Colletotrichum falcatum was found to be the coregroup fungus with the colonization frequency of 12.5%. The frequency of colonization in leaf samples was varied between 1.6 to 12.5%. The colonization frequency Colletotrichum falcatum was maximum 12.5 % followed by Fusarium oxisporum (6.66%), Penicillium senticosum (5%) Aspergillus fumigatus (4%). The frequency of sterile mycelia in leaf tissue was 3.33%,
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CHARACTERIZATION OF ENDOPHYTIC FUNGI
Fusarium oxysporum
Aspergillus fumigatus
The colony was pulvinate in appearance, yellow at the centre, with light yellow radial rays and white 
Alternaria alternata
White color fuzzy mycelium with pulvinate appearance and a crater at the centre, with dark brown rings alternating with light brown ones with the white mycelium at the periphery at maturity. The colony diameter is observed as 1.33 cm/day. The conidiophores of these fungi are pale brown in nature. The length of the spore is 31.875 m and the breadth at the broadest end is 8.125 m.
The conidiophores arise from substrate. The secondary conidia are shorter than the primary conidia.
Mycelia sterilia
Many fungi do not produce any recognizable sexual/asexual conidia state in culture. Such forms are frequently classified for convenience in the Mycelia sterilia. This group is catchcall which may include a few well defined and easily recognizable genera, but more often is a repository for a large number of non descript mycelial isolates.
Aspergillus flavipes
Colonies white or silvery white, reverse yellow to orange brown or reddish brown. Conidial heads columnar in size. Vesicles globose to ovate, metulae fertile over entire vesicle, conidial heads splitting over age. Conidia smooth, globose, 2-3 m in diameter.
Penicillium senticosum
Mycelium with grey color at the centre and whitish 
Gliocladium roseum
The centre of the colony was green in color with radial rays from the centre and white edged margins. The diameter of the colony was 0.5 cm/ day. The diameter of the spore was 6.2 m, the phyllade was 1.0 m in length, the metullae were 1.25 m in length and the hypae were 0.25 m in width. The phyllades of the conidiophore group together and the spores form rosette like structure. The color of the colony turns to powdery green on maturity.
Phomopsis jacquiniana
This is a slow growing, sporulating fungi. The colony looked dark in appearance with mycelia being immersed, branched, septate and brown in color. The pycnidia are formed at the top of the mycelial mat, were globose in nature. The mycelium secreted a black pigment on to the medium. The reverse side of the colonies was black in color. The length of the ascocarp was 200 m and the breadth 180 m. The spore length was 10 m and breadth was 5 m.
Nigrospora sphaerica
Colonies white later brown to black when sporulation is abundant. Conidiophores micronematous, branched, flexous, colorless to brown, smooth, conidia solitary, acregenous, simple, spherical or broadly ellipsoidal, compressed dorsiventrally, black , shining, smooth, 0-septate, 10-16 m diameter.
Leptosphaeria species
A filamentous ascomycetous fungus that produce dark colored pseudesthesia. 
INTRODUCTION
Immunomodulators have biphasic effects, some tend to stimulate immune system which is low while others inhibit host parameters which are normal or already activated [1] . Immunostimulation and immunosuppression both need to be tackled in order to regulate the normal immunological functioning. Immunomodulation using plant material can provide an alternative to conventional chemotherapy for a variety of diseases, especially when the host defense mechanism has to be activated under the condition of impaired immune response [2] . Traditional and folklore medicines play an important role in health services around the globe. About three quarters of the world's population relies on plants and plant extracts for healthcare. India has an extensive forest cover, enriched with plant diversity. Several plants have been used in folklore medicine [3] . Medicinal plants have versatile immunomodulatory activity by stimulating both specific and nonspecific immunity [4] [5] . Apart from being specifically stimulatory or suppressive, certain agents normalize or modulate pathophysiological processes and are hence, called immunomodulating agents. Ayurveda, the Indian traditional system of medicine, lays emphasis on promotion of health, a concept of strengthening host defenses against different diseases [6] . An advantage of medicinal plants is that they provide patients with a complex of natural compounds, have smoother action and are better tolerated than synthetic drugs and produce only few allergic reactions. [7] .
Immunomodulators as anticancer agents
Tannins, saponins, pigments, enzymes and minerals have been found to elicit antioxidant activities [8] [9] [10] . These chemicals block various hormone actions and metabolic pathways that are associated with the development of cancer [11] . The Citrus limon (Nibu) flavonoid, tangeretin and nobiletin are potent inhibitors of tumor cell growth and can activate the detoxifying P450 enzyme system. Limonoids inhibit tumor formation by stimulating the Glutathione S Transferase (GST) enzyme. The limonene (a terpenoid) also possesses anticancer activity. Nibu fruit is used for inhibition of human breast cancer cell proliferation and delaying of mammary tumorigenesis. It is also used in metastasis and leukemia [12] .A large number of secondary metabolites can be utilized as natural medicines for the reason that they inhibit the activity of DNA topoisomerases which are the clinical targets for anticancer drugs. DNA topoisomerases are the cellular enzymes that change the topological state of DNA through the breaking and rejoining of DNA strands. Synthetic drugs as inhibitors of topoisomerases have been developed and used in the clinical trials but severe side effects are a serious problem for them. Therefore, there is a need for the development of novel plant derived natural drugs and their analogs that may serve as appropriate inhibitors with respect to drug designing [13] .
Anti-inflammatory properties of immunomodulators
The persistent chronic inflammation increases the development of the degenerative diseases such as rheumatoid arthritis, atherosclerosis, heart disease, alzheimer, asthma, acquired immunodeficiency disorder (AIDS), cancer, congestive heart failure (CHF), multiple sclerosis (MS), diabetes, infections (bacteria, fungi, parasites), gout, inflammatory bowel disease (IBD), aging and other neurodegenerative central nervous system (CNS) depression, all of which are associated with immunopathological that appears to play a key role in the onset of the condition [14] Tissue injury induced by this trauma results in the release of inflammatory mediators including the cytokines and tumor necrosis factor (TNF-α), interleukin-1 (IL-1) from leukocytes, monocytes and macrophages [15] . Saklatvala et al, [16] reported that the cytokines further trigger the up-regulation of other proinflammatory cytokines and chemokines, immunoglobulins, as well as increase the expression of many cellular adhesion molecules (CAMs). Also, there is an increase in the expression of phospholipase A2, 5-lipoxygenase (5-LOX), and cyclooxygenase-2 (COX-2) inducible nitric oxide synthase (iNOS) [17] [18] . ROS-generating enzymes such as NADPH oxidase, xanthine oxidase, and myeloperoxidase are observed, along with the activation of the transcription factor and the nuclear factor kappa B (NFқB). Ultimately, the activation of the transcription factor NFкB appears to play a pivotal role in the regulation of inducible enzymes, inflammatory cytokines, cell adhesion molecules (CAMs), and other substances that are initiators and/or enhancers of the inflammatory process. Phytoconstituents that inhibit any of the above mentioned molecular targets have the potential to inhibit and/or reduce the inflammatory process [19] .
Immunomodulators as antioxidants
Oxidative stress is among the major causative factors in the induction of many chronic and degenerative diseases including atherosclerosis, ischemic heart disease, ageing, diabetes mellitus, cancer, immunosuppression, neurodegenerative diseases and others [20] [21] [22] [23] . The most effective way to eliminate free radicals which cause the oxidative stress is with the help of antioxidants [24, 20, 10] . Epidemiological and in vitro studies on medicinal plants strongly supported this idea that plant constituents with antioxidant activity are capable of exerting protective effects against oxidative stress in biological systems [25] .
Antipyretic nature of immunomodulators
As the temperature regulatory system is governed by a nervous feedback mechanism, so when body temperature becomes very high, it dilate the blood vessels and increase sweating to reduce the temperature; but when the body temperature becomes very low hypothalamus protect the internal temperature by vasoconstriction. High fever often increases faster disease progression by increasing tissue catabolism, dehydration, and existing complaints, as found in HIV, when fever during seroconversion results faster disease progression [26] . Most of the antipyretic drugs inhibit COX-2 expression to reduce the elevated body temperature by inhibiting prostaglandin E2 (PGE2) biosynthesis [26] . Moreover, these synthetic agents irreversibly inhibit COX-2 with high selectivity but are toxic to the hepatic cells, glomeruli, cortex of brain and heart muscles whereas natural COX-2 inhibitors have lower selectivity [26] . A natural antipyretic agent with reduced or no toxicity is therefore, essential. Various medicinal plants like neem, arjuna, aswagandha, tulsi, etc. traditionally used for treating fever. The extract prepared from the heartwood of Acacia catechu, stem bark and leaves of Bauhinia racemosus, Cleome viscosa etc. reported to have antipyretic activity in rats [27] .
Saponins as immunomodulators
Saponins contain a steroidal or triterpenoid aglycone to which one or more sugar chains are attached [28] . The goal of vaccination is to stimulate a strong, protective and long-lasting immune response to the administered antigen. For the achievement of these objectives, potent adjuvant and novel vaccine strategies are required to make the vaccine sufficiently immunogenic to initiate a potent immune response [29] [30] . Saponin based adjuvants have the unique ability to enhance immunity. Singh and O'Hagan [31] reviewed that immunological adjuvants are the "substances used in combination with a specific antigen that produced a more robust immune response than the antigen alone". Mostly aluminum or oil adjuvants are used in vaccine, but these chemical adjuvants have many disadvantages, such as side effects, strong local stimulation and carcinogenesis, together with complicated preparations or failure to increase immunogenicity of weak antigen and so on [32] [33] [34] .Some other group of adjuvants including oil emulsions, lipopolysaccharides, polymers, saponins, liposomes, cytokines, immune stimulating complexes (ISCOMs), freund's complete adjuvant, freund's incomplete adjuvant, alums, bacterial toxins etc., have been evaluated and clinical trials are under investigation although the mechanism of action of adjuvants often remain poorly understood [35] [36] . Triterpenoid saponins produced from the bark of Quillaja saponaria, a tree native to the Andes region [37] . In animal system, various studies have shown the effect of saponins on cell membrane, animal growth and feed intake, protein digestion, cholesterol metabolism, animal reproduction, the immune system, nervous system functioning or cytostatic effects on malignant cells or molluscicidal effect or virucidal activity or effect on protozoa [37] . Saponin based adjuvants have the ability to modulate the cell mediated immune system as well as to enhance antibody production and have the advantage that only a low dose is needed for adjuvant activity [38] . It is currently unknown if the adjuvant effect of saponins is related to pore formation, which may allow antigens to gain access to the endogenous pathway of antigens presentation, promoting cytotoxic Tlymphocyte (CTL) response [39] . Oda et al. [38] concluded that not only the functional groups themselves, but the overall conformation of such functional groups, affected adjuvant activity of saponins. In a study of structural and biological activity of protopanaxatriol-type saponins (PTS) from the roots of Panax notoginseng, Sun et al, [40] concluded that the number, length and position of sugar side chains, and the type of glucosyl group in the structure of PTS could not only affect their haemolytic activities and adjuvant potentials, but have significant effects on the nature of the immune responses. Ginseng extract has potential as a stimulator of the immune system of dairy cows and treatment can activate the innate immunity of cows and may contribute to the cow's recovery from mastitis [41] .
Achyranthes bidentata saponins (ABS)
Triterpenoid Steroid Fig. 1: Basic structures of sapogenins modulated immune responses and the haemolytic activities was observed in mice. ABS significantly enhanced the ovalbumin (OVA)-specific IgG, IgG1, IgG2b antibody titers with slight haemolysis in mice [42] . Avicins, a family of triterpenoid saponins from Acacia victoriae (Bentham) represent a new class of plant stress metabolites capable of activating stress adaptation and suppressing proinflammatory components of the innate immune system in human cells by redox regulation [43] .
Plantpolysaccharides asimmunomodulators
Polysaccharides from plants have been the subject of study for a very long time mainly for their physical properties and industrial use based on these properties. Over the last twenty years there has been an ever increasing interest in the biological activity of biomolecules that has led to new sources for interesting bioactive plant polysaccharides [44] . Botanical polysaccharides exhibit a number of beneficial therapeutic properties, and it is thought that the mechanisms involved in these effects are due to the modulation of innate immunity and, more specifically, macrophage function. Furthermore, botanical and microbial polysaccharides bind to common surface receptors and induce similar immunomodulatory responses in macrophages, suggesting that evolutionarily conserved polysaccharide structural features are shared between these organisms. Thus, the evaluation of botanical polysaccharides provides a unique opportunity for the discovery of novel therapeutic agents and adjuvants that exhibit beneficial immunomodulatory properties [45] . Arabinogalactans, pectins, resins, and mucilages are the major polysaccharides used medically. Aqueous and mucilaginous extracts prepared from mucilage containing plants, flax (Linum usitatissimum L.) and marsh mallow (Althaea officinalis L.) are used to treat catarrhs and gastrointestinal tract lesions and to counteract the irritant effects of other drugs [7] . The immunomodulatory effects of the polysaccharide of Cistanche deserticola have been evaluated by in vitro proliferation of murine thymus lymphocytes. The enhancing effect of polysaccharide on murine thymus lymphocyte proliferation was related to its promotion on thymus intracellular Ca +2 delivering [46] .
Fig. 2: Flavonoids as immunomodulators
Glycosides as immunomodulators
Medicinal plants were shown to contain glycosides. Cardiac glycosides display the highest therapeutic activity. There are no synthetic substitutes for cardiac glycosides; medicinal plants are the sole source of these substances. Cardiac glycosides induce strong specific effects on the myocardium and enhance the strength of cardiac contractions [7] . Eight glycosides PF-1 to PF-8 were isolated from the leaves and stems of Paris formosana Hayata (Liliaceae), of which PF-3 (III) was the main compound. It was found that PF-1 to PF-3 caused proliferative responses of mouse lymphocytes to concanavalin A and augmentation of mouse granulocyte/macrophage colony forming cells in mouse fibroblast cell L929 conditioned medium [47] .
Alkaloids as immunomodulators
Plant alkaloids are one of the largest diverse groups of natural products found in more than 20% of plant species. They are defined as the nitrogen containing low molecular weight compounds where the occurrence of the nitrogen ring is in an oxidative state within the heterocyclic ring. This group implies most of the bioactive metabolites which have been reported to have potent pharmacological activities [48] . Ephedrine has bronchodilator and vasoconstrictor effects, which are beneficial in the control of asthma and nasal congestion. It has diuretic properties, enhances uterine contractions, and has anti-inflammatory effects. In combination with caffeine, it has thermogenic effects, which are important for the treatment of obesity [49] . Colchicine, a phenylakylamine alkaloid, possesses immunostimulatory activity at very low doses [50] . Recent studies showed tetrandrine might modulate lipopolysaccharide induced microglial activation by inhibiting the NFκBmediated release of inflammatory factors [26] .
Flavonoids as immunomodulators
More lipophilic flavonoids may also disrupt microbial membranes [51] . Their activity is probably due to their ability to complex with extracellular and soluble proteins and to complex with bacterial cell walls. Flavonoid compounds exhibit inhibitory effects against multiple viruses. Numerous studies have documented the effectiveness of flavonoids such as swertifrancheside [52] , glycyrrhizin (from licorice) [53] , and chrysin [54] against HIV. The extract of Apium graveolens var. dulce contained apiin as the major constituent (1.12%, wt./wt., of the ext.). The extract and apiin showed significant inhibitory activity on nitrite (NO) production in vitro and iNOS expression in lipopolysaccharide (LPS) activated J774A1cells. The findings suggested the properties of the extract in vivo were due to reduction of iNOS enzyme expression [55] . Bidens pilosa is an ethnical medicine for bacterial infection or immune modulation in Asia, America and Africa.
Flavonoid, centaurein and its aglycone, centaureidin has been isolated from the butanol subfraction of Bidens pilosa. The study suggested that centaurein regulated interferon gamma (IFN-γ) transcription as an immunomodulator, probably via nuclear factor of activated T cells (NFAT) and NFκB in T cells [26] .Ficus religiosa fruits contain flavonols namely kaempeferol, quercetin, and myricetin (56) . Sixteen flavonoids were isolated from the acetone extract of the leaves of Syzygium samarangense Merr. et Perry. The isolated flavonoids showed inhibitory potency on peripheral blood mononuclear cells (PBMC) proliferation activated by phytohemagglutinin (PHA). The inhibitory mechanisms may involve the blocking of interleukin-2 (IL-2) and IFN-γ) since compounds the production in a dosedependent manner [57] .
Fig. 3: Sterols and sterolins as immunomodulator
Sterols and sterolins as immunomodulator
The mixture of the sterols (β-sitosterol) and sterolins (β-sitosterol glucoside) has the ability to enhance the cellular response of T lymphocytes both in vitro and in vivo. The mixture enhances the cytotoxic ability of natural killer (NK) cells against the target cancer cell line NK562. It has also been postulated that the sterol-sterolin mixture in a specific ratio could reinstate balance between the TH1-TH2 cells, a delicate balance that determines the final outcome of an immune response. The same mixture inhibited the release of proinflammatory cytokines from endotoxin activated monocytes: interleukin-6 and tumour necrosis factor-á secretion. In HIV-infected patients analysis of the CD4 cell-type (TH1 vs TH2-type) showed that those receiving the sterol-sterolin mixture maintained a favorable TH1 response, which implies that their cell-mediated response was possibly responsible for the viral control and inhibition of CD4 cell loss [58] . In a different study, the total cells and eosinophils in the bronchoalveolar lavage fluid (BALf) markedly decreased after β-sitosterol and lactose-β-sitosterol administration. They also mitigated the inflammation by eosinophil infiltration and mucus hypersecretion by goblet hyperplasia, inhibited the increased mRNA and protein expression of IL-4 and IL-5 in the lung tissue and (BALf) [26] . Immunomodulatory effect of a β-sitosterol glycoside, daucosterol was also observed against disseminated candidiasis caused by Candida albicans caused by the CD4+ TH1immune response [26] . 
CONCLUSION
Immunomodulation using medicinal plants can provide an alternative to conventional chemotherapy for a variety of diseases, especially when host defense mechanism has to be activated under the conditions of impaired immune response or when a selective immunosuppression is desired in situations like autoimmune disorders. There is great potential for the discovery of more specific immunomodulators which mimic or antagonize the biological effects of cytokines and interleukins, and the refinement of assays for these mediators will create specific and sensitive screens. Natural remedies should be revisited as important sources of novel ligands capable of targeting specific cellular receptors.
